Mechanical systems are used in buildings to provide conditioned air, dissipate thermal loads, dilute contaminants, and maintain pressure differences. The characteristics of these systems and their operations have implications for the exposures of workers to environmental tobacco smoke (ETS) and for the control of these exposures. This review describes the general features of building ventilation systems and the efficacy of ventilation for controlling contaminant concentrations. Ventilation can reduce the concentration of ETS through dilution, but central heating, ventilating, and air conditioning (HVAC) can also move air throughout a building that has been contaminated by ETS. An understanding of HVAC systems is needed to develop models for exposures of workers to ETS. -Environ Health Perspect 107(Suppl 2): 313-317 (1999). http.//ehpnetl.niehs.nih.gov/docs/1999/Suppl-2/313-31 7spengler/abstract.html
classification does not, however, reflect the great variety of ventilation systems, office equipment, tasks, materials, and furnishings, among other factors, that define the working environment. Employees' productivity is a complex interplay of ability, motivation, organization, technology, and the environmental conditions of the workplace; and ventilation systems have been key to maximizing worker comfort. The effects of thermal conditions on work productivity have long been considered in building design and operations, as has air exchange to control odor and infection (1, 2) . More recently, comfort and symptom control have become dominant considerations.
Tobacco smoke contains irritant gases, vapors, and particulate matter. Laboratory and field studies confirm that exposure to ETS can irritate the eyes and upper and lower airways and generally annoy the exposed nonsmoker. For more than a decade, studies have shown general and widespread dissatisfaction with cigarette smoke in the workplace, restaurants, and commercial airplanes (3, 4) . The ventilation guidelines of the American Society of Heating, Refrigerating, and AirConditioning Engineers (ASHRAE), (5) , are based on a maximum of 20% dissatisfaction among visitors to spaces. Ventilation tests in chambers under controlled conditions show clear relationships between the amount of cigarettes smoked, odor responses, and dissatisfaction with the quality of the air as experienced by visitors sensing the air from a sampling port in the duct system outside the chamber (6) . Extrapolating from these experiments, ASHRAE 62-1989 sets a minimum ventilation rate at 15 ft3 per minute (cfm) per occupant. A higher rate of 20 cfm per occupant is specified for offices, conference rooms, dining rooms, and lobbies. In designated smoking lounges, 60 cfm per person is necessary to reduce irritation, whereas bars and casinos require 30 cfm per person.
Perhaps the ASHRAE 62-1989 guidelines need further explanation regarding irritation from ETS. Experimental data imply that 4000 ft3 is needed to dilute the emissions of one cigarette to levels at which only 20% of nonsmokers would be dissatisfied. If Building ventilation codes also specify the minimum percentage of outdoor air. Minimums may be specified between 10 and 20%, but in practice outdoor air may vary from none to 100%. The amount of outdoor air delivered depends on the design requirements (e.g., air from laboratory fume hoods and kitchen exhaust cannot be recirculated) and the operating specifications. During economizer cycling, dampers open to use the "free cooling" of ambient air. This might happen when the air temperature is between 50 and 65°F. However, to prevent freezing of coils or overuse of air conditioning, dampers may be closed completely.
Critical to the performance of the ventilation system are air distribution and effective mixing. Occupants benefit from the HVAC system when it keeps them in thermal comfort and dilutes odors and contaminants adequately. Thermal comfort ranges for temperature and humidity (latent heat) as well as air velocity and temperature gradients are well defined (9) . Occupants, however, experience the conditions by sensing properties of the room (or zone) air at a single point. 
